Background: The Eastern Highlands area of Papua New Guinea (PNG) has a rich tradition of medicinal plant use. However, rapid modernization is resulting in the loss of independent language traditions and consequently a loss of individuals knowledgeable in medicinal plant use. This report represents a program to document and preserve traditional knowledge concerning medicinal plant use in PNG. This report documents and compares traditional plant use in the Eastern Highlands districts of Unggai-Bena, Okapa, and Obura-Wonenara, and puts these new records in context of previously documented PNG medicinal plant use. Methods: This manuscript is an annotated combination of Traditional Medicines survey reports generated by UPNG trainees using a survey questionnaire titled "Information sheet on traditional herbal reparations and medicinal plants of PNG". The Traditional Medicines survey project is supported by WHO, US NIH and PNG governmental health care initiatives and funding.
Background
Rural communities in Papua New Guinea (PNG) rely on a tradition of plant use for health needs [1] . PNG has at least 800 ethnic traditions characterized by distinct languages scattered mostly in rural hamlets across a geographically segregated mountainous country of 462,840 km 2 [2, 3] , of which the Eastern Highlands Province occupies 11,200 km 2 . This geology has also resulted in extraordinary biological diversity estimated to be greater than 5% of the global total including an estimated 15,000 to 20,000 vascular plants, approximately 60% of which are endemic [4, 5] . Human settlement has existed from at least 40,000 years BP on the north coast (Houn Peninsula) of PNG. More recently, human occupation of the Ivane Valley in the PNG Highlands has been dated to 49,000 to 44,000 years ago [6] . Of PNG's approximately 6.2 million people about 430,000 reside in the Eastern Highlands [7] . This extended habitation of diverse environs has led to a rich and varied practice of medicinal plant use [8] .
Reports from Western contact as early as the 1800s detailed the use of medicinal plants by PNG people to treat various maladies [9] . This Western perception of the cultural tradition of medicinal plant use, however, has been disparaged in some literature because often the curing properties of the plants are conceived by the users as magical [10] . This was the case in PNG Highlands where, until recently, non-western concepts of illness etiology predominated. Nevertheless, as in most of PNG, it is the current practice in the Highlands to use different plants to treat various symptoms regardless of whether the cause of the symptoms is conceived of as mystical or somatic.
The fact that a sizable majority of the PNG population relies on medicinal plants and traditional practitioners for health care has been formally recognized by the national government [1] . The 2001-2010 PNG National Health Plan promoted collaboration between the World Health Organization (WHO) and the University of Papua New Guinea (UPNG) to assist in the development of traditional medicines in the country. A traditional medicines survey instrument was developed using WHO guidelines and with vetting from Western Pacific WHO regional officers. In 2001 the UPNG Traditional Medicines surveys were initiated with endorsements from the UPNG School of Medicine and Health Sciences Research and Ethics Committee and the Medical Research and Advisory Committee of the PNG Department of Health. A proprietary database for traditional medicines was also established, which is maintained at UPNG [11] , and now serves as a national resource as the government seeks to move validated and safe herbal remedies into the national health care formulary [1] .
It is widely recognized that the traditional use of medicinal plants constitutes an important information reservoir that is threatened by on-going development and Westernization. This cultural reservoir of knowledge has been empirically tested and adopted through millennia of trial and error, but prior to the UPNG Traditional Medicines surveys, three of which are reported here, there was no national effort to preserve such knowledge. The documentation of medicinal plants in PNG has been haphazard and the accrued knowledge has not been widely disseminated internationally. Furthermore, the corresponding pharmacological validation of PNG medicinal plant use has not been systematically studied. We estimate that historically some 800 PNG plants species have been described in the literature for treatment of various ailments, but this represents only a fraction of the total number of plants actually utilized.
We present here a survey of traditional healers and report their current uses of medicinal plants from three distinct ethnic regions of the Eastern Highlands. The objective is to document and preserve knowledge of medicinal plant use in the Eastern Highlands of PNG, to use this activity as a scientific and culturally affirmative training exercise for senior UPNG students, and to put the recorded plant use into the PNG context by comparison with archived literature concerning medicinal plant use in PNG. This activity has identified many species used medicinally in the Eastern Highlands that are also used elsewhere in PNG, and a few species for which there are rare or no literature reports of medicinal use.
Methods
The Traditional Medicine survey program at UPNG provides an effective training exercise for select senior bachelor of pharmacy students. The Traditional Medicines Database currently contains cultural plant use data from over 34 Local Level Governments (LLGs) in PNG. Students are instructed on plant identification and preservation, herbal medicine use, and how to administer the survey instrument titled "Information sheet on traditional herbal preparations and medicinal plants of Papua New Guinea". This survey instrument questionnaire is designed to facilitate semi-structured face-toface interviews with healers. The interaction is directed at recording new data concerning the medicinal uses of plants and the related cultural traditions, and includes field work for the collection of plant vouchers. The students are supported to travel to their home districts to conduct the surveys amid "wantok" communities. Wantok implies more than a common language in PNG, encompassing a meaning of extended kinship as well. Students meet first with elders, village heads, ward councilors, etc., in the study communities to gather names of healers before contacting them with the request for interviews. The principal requirement being that the healers are recognized in the community to have knowledge and skills of providing herbal treatments, that they are active in the practice and are willing to share their knowledge. The interviews are usually conducted in Tok Pisin or Tok Ples (local dialects) because facility with English is not uniform amongst the interviewees and it is important to communicate as clearly as possible.
Samples of the plants useful for identification (flowers, fruits or nuts, twigs with leaves) in addition to the parts used medicinally were harvested, dried and compressed in newspapers. A copy of the survey questionnaire is provided in supplementary information Additional file 1. Newspapers were changed daily until they remained dry after compression. Pressed plant samples, plant photographs and descriptions were assigned a voucher numbers and deposited at the UPNG Herbarium for identification and reference purposes [8] . The data concerning plant use are written up under supervision into student authored reports and the plant information is entered into the Traditional Medicines Database, which contains the combined reports generated by a decade's work in this endeavor. It is the student reports that provide the base information for this current report.
Guidelines regulating accession of the database have been developed at UPNG in order to recognize and trace the traditional knowledge and intellectual property of the source communities. The guidelines operate under the current UPNG benefit sharing model, which is applicable to many areas of natural products research and which includes guidelines concerning intellectual property rights and benefits sharing that has been approved by the PNG government. The proprietary UPNG Traditional Medicines Database records, in addition to plant medicinal use, information concerning source individuals and communities in order to recognize and trace the traditional knowledge intellectual property.
The three student reports compiled here detail medicinal plant use from three separate regions and several distinguishable language and dialect groups in the Eastern Highlands province of PNG ( Figure 1 ). The Eastern Highlands areas surveyed encompass Ipma-Baruya language groups of the Marawaka area of the Yeila Rural Local Level Government (LLG), Obura-Wonenara electorate; the Bena, Gahuku and Siane language groups of the Unggai-Bena LLG; and the Fore/Keyagana/Kimi language groups of the Okapa LLG [12] . Forty five practitioners were interviewed for this work: three from Ande village, 16 
Results and discussion

Dataset and diseases
A total of 60 specimens were described from the Marawaka area, 76 from the Okapa LLG; and 77 in the Unggai-Bena LLG. Two plants specimens each in the Marawaka and Okapa constituencies only served as additives or spices: Piper gibbilimbum and a Saccharum sp. to mask bitter tastes of herbal preparations; Saccharum species are commonly used as a salty preservative. In the Kayagana language area, Rungia klossii and Zingiber officinale are the two species that are routinely added to various medicinal preparations. The addition of pork to concoctions is frequent in all areas studied, but especially in the Ungaai-Bena LLG, where the practice was recorded as nearly universal. Pork is a high protein food and cultural icon in the Highlands.
The total number of diseases and symptoms listed in this report is 220, with several species recorded as having more than one use. Disease descriptions have been sorted into 14 general categories as shown in Table 1 . Overall, by far the largest category of plant use (n = 45 [20.5%]) was "magic", synonymously referred to here as "poisoned" (Table 1 ). In the regions surveyed, with few exceptions, "poisoned" refers to a syndrome consisting of abdominal swelling with accompanying constipation, swelling of extremities, acute and occasional body pains and aches; sometimes accompanied by anorexia/dysphagia. The underlying reason for the discomfort is thought to be sorcery or witchcraft directed at the affected individual. Overall, after "poisoning" the next most common (n = 23 [10.5%]) afflictions for which herbal treatments were recorded were pain, gynecological and gastrointestinal maladies. Treatments for pulmonary conditions and anemia or malnutrition ranked next (n = 21 [9.5%]), with malaria ranking number 8 (n = 20 [9.1%]) of the top overall categories of use. Unfortunately, these overall averages do not accurately represent the variation in the reported plant usages recorded in the different survey locations. While magic was the predominant condition treated overall, in the Marawaka area the largest category of medicinal plants use was for pulmonary diseases (17 of the overall total of 21 in that disease category). In the Bena dialect area, anemia and malnutrition had the highest number of plant uses recorded, 12 of the 37, with no species at this location recorded as being used to treat "poisoning".
Plant parts utilized, preparation and administration
Overall, leaves were most commonly used in the preparations of the healers interviewed ( Figure 2 ). This was followed by bark and stems as the next most likely plant parts to be used. Exceptions to this rule were the reports from Gahuku and Siane language groups where stems and flowers were reported to be used more frequently than bark. The mixture of two or more ingredients is the most common mode of preparation recorded in the Eastern Highlands, except for the Gahuku and Marawaka regions where the consumption of fresh material or fresh succus (expressed juice) was reported as more common (Figure 3 ). Also reported was the occasional practice of the storage and consumption of dried medicinal plants. Throughout the Eastern Highlands oral consumption of medicinal plants was the most common administration practice recorded ( Figure 4 ). Topical application was the second most widely practiced mode of administration.
Commonly used plant species among healers that were interviewed
Ascarina philippinensis is a fairly widespread tree in the PNG highlands [33] . Reports of its medicinal use are uncommon, although its use in ritual food preparation ("kirai" in the Chimbu region of the highlands) for which health promotion is a component of the ceremony, has been reported [21] . A concoction incorporating leaves of Ascarina philippinensis is used by the Fore to treat "poison", however in Marawaka the fresh leaves and fruit are used to treat high fevers and weight loss. In both areas the preparations are consumed with other ingredients, in the Fore area after heating.
Bidens pilosa is a medicinal plant used widely in PNG, often applied topically for sores and boils. The freshly squeezed succus from leaves of Bidens pilosa is utilized by the Keyagana group to treat sores and wounds, in the Marawaka area the succus of leaves and shoots is used for the same conditions. In both areas the application method is topical. B. pilosa is a common weed widely distributed from low altitudes to over 2,000 m in Papua New Guinea [16] . An additional recorded use is the use of fresh leaves, gently heated, and placed over the affected eye to treat red or sore eyes [9, 16] .
Crassocephalum crepidioides, is widespread in subtropical and tropical areas around the World. Succus from fresh leaves is used in the Gahaku areas for fresh cuts and wounds, in the Kayagana group the leaves are heated and then succus is used for sores and wounds. In both cases application is topical. Leaves and petioles have been reported to be heated and crushed and applied to sores in the Mt. Hagen area of the highlands [13] , and the application of crushed leaves to sores was reported by Holdsworth from Goodenough Island [9] . Crassocephalum crepidioides is widespread in subtropical and tropical areas around the world. Antimalarial and antimicrobial dihydroisocoumarin compounds have been isolated from an endophytic Geotrichum sp. fungus of this plant [34] , although there is no evidence that the coumarin compounds contribute to the putative medicinal properties of this plant. Gahaku-speaking people cook chopped leaves and fruit of Ficus pungens and use them to treat "shivering hands and feet", while in Marawaka liquid extract from fresh leaves is used to treat thrush (oral candidaiasis). In both cases the traditional medicines are consumed orally. Ficus pungens is common throughout the lowlands of Papua New Guinea [33] and there are many reports of its medicinal use in PNG [9, 10, 13, 14, 16] . Its use for coughs has been repeatedly reported; e.g., in Holdsworth [9] coughs are treated in the Sepik by swallowing sap obtained from the root. Also, the leaves of Ficus pungens are crushed together with the leaves of a species of Mallotus, and mixed with water and consumed to relieve a bad cough in Buka, Bougainville [9] . A solution made from crushed and squeezed bark is taken orally for a week for treatment of asthma [16] . Other reported uses include: in the previous Northern District of PNG, leaves were heated over a fire and applied topically to alleviate body pains [13, 35] . Also, the Traditional Medicine Database records the use of fresh leaves in the treatment of inguinal hernia (swelling of testicles) by brushing the leaves upwards against the testicles [16] . The application of leaves to sores was also reported by Telban [10] .
Both Oxalis corniculata and Plantago major are used in Bena and Gahaku speaking communities. In Bena areas Oxalis corniculata is cooked with pig meat and eaten to treat painful menses, while in Gahaku areas its fresh fruit and flowers, as well as freshly squeezed succus, are recorded as consumed orally to relieve labor pains. Oxalis corniculata is found everywhere in Papua New Guinea, but most commonly in the Highlands [33]. Traditional uses include pulping of the whole plant to extract sap that is drunk to treat syphilis and prostate cancer [16] . To treat burns, the whole plant is crushed, chewed and spat onto the burn [9] .
According to Zubair [36] , "Plantago major (common plantain) has been used in folk medicine all over the world, mainly for the healing of wounds." We have found reports of its medicinal use in PNG are uncommon, however. Plantago major is cooked whole in Bena areas and consumed orally as treatment for diarrhea, while in Gahaku areas leaves and succus from stems are reported to be applied topically to treat deep wounds.
Zingiber officinale is found in many preparations in Kaygana speaking areas where the rhizome is used as an additive to improve taste and texture of medicinal preparations; however in Marawaka it is used in a concoction to treat sore throat and for magical purposes. Zingiber is grown as a culinary and ornamental plant [16] . It is widely used for a plethora of indications too numerous to list here e.g., [8] [9] [10] 16, 21, 22, 26, 30] .
Lesser known medicinal plant species of PNG
It is frequently the case in reports such as this that it is not always possible to find references for medicinal use in PNG for all the species listed. Plants identified to the species level reported here, but not found listed as medicinal in the PNG literature we reviewed, include:
Begonia rex, which is consumed orally for boils and sores, including tropical ulcers, in the Ipma-Baruya language area. There are several Begonia species reported as used medicinally in PNG [9, 10, 13, 14, 20, [22] [23] [24] 
Johns, Botanical Research Institute of Texas, New Guinea Research Program).
Leaves of Boerlagiodendron eminens, also known as Osmoxylon eminens, were recorded in Sekagu village, Bena speaking area, to be cut and eaten to suppress sexual desire in men. This plant is not listed in the PNG Plants database [33] and maybe a unique record. Blackwood [22] reported leaves from a Boerlagiodendron sp. to be eaten by the Kukukuku people of the Highlands. Other lesser known medicinal plants in this report that are not represented in PNG Plants database [33] include Dendrocnide interrupta (Fleurya interrupta); Polyscias filicifolia; Sambucus javanica; and Sanchezia nobilis var. glaucophylla. We assume that Sanchezia is likely recently introduced as an ornamental species.
Conclusions
As described by Feil [37] , "Highlanders may inhabit similar altitudes but within this range there are distinct sub regions. . ." The Eastern Highlands are relatively drier and historically became heavily populated later than the wetter western regions. The contemporary cultural and botanical diversity of the Eastern Highlands, the continued reliance on medicinal plants in rural communities there, and the innovation and experimentation of the practitioners, combine to yield a rich and dynamic area for study. While many traditional practitioners continue to treat symptoms attributed to "witchcraft", modern perceptions of disease etiology are penetrating even remote villages, resulting in mixed rationales for giving treatments that reflect these changes in understanding.
Several of the species reported here are used in the Eastern Highlands but not frequently reported in the literature for medicinal use elsewhere in PNG. These include both plants that are known to be widely distributed in PNG (e.g., Ascarina philippinensis and Calycacanthus magnusianus) and also those that are not known to be widely distributed in PNG (e.g., Boerlagiodendron eminens and Aristolochia indica). The medicinal use of those plants that are localized geographically might reflect potent activity accessible only to those fortunate enough to live there, while the unique use of widely distributed plants might reflect either the local discovery of a useful property, or experimentation of local healers in plant usepractices perhaps not yet spread to or reproduced elsewhere in PNG. In any case, efforts to validate the utility of PNG medicinal plants cannot completely skirt these issues. Subjecting traditional plant preparations to laboratory testing can demonstrate specific bioactivities that may help validate the traditional use, but unfortunately, it is beyond the capacity of the PNG Department of Health or the University system to test for all the bioactivities represented in the wide range of plant uses recorded by the surveys. In these circumstances, the consistent use of a particular plant for specific indication by a large number of healers, across a wide range of ethnic traditions, is notable and may support the notion of a particular herbal remedy's efficacy.
The effort to document and validate medicinal plant use in PNG is part of a larger strategy that is under way to meet the health care needs of citizens of PNG. As described by Waruruai et al. [8] , the Traditional Medicines survey project complements other programs supported by the PNG Ministry of Health to promote the use of efficacious herbal remedies in underserved communities. Traditional healer associations have already been established in several provinces and basic manuals on diagnosis and plant use have been drafted. The aim is to promote integrated medical treatment options in an approach to health care that combines effective and accessible traditional practices with Western protocols (when available). The medicinal plant surveys reported here are the product of collaboration amongst the faculty at UPNG and the University of Utah, with support provided by the Fogarty International Center of the NIH, USA [38] , and the PNG Ministry of Health. The Traditional Medicines survey project utilizes a university training tutorial as one component of a larger strategy aimed at providing improved health care options to a burgeoning population.
